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(54) Electronic apparatus having cooling pump unit 



(57) An electronic apparatus (1 ) includes a housing 
(10) having a heat generating component (33), a heat 
radiating portion (40) which radiates heat generated by 
the heat generating component (33), a pump unit (60) 
having an impeller (101a) and a heat receiving portion 
(70) thermally connected to the heat generating compo- 
nent (33), wherein the pump unit (60) supplies liquid to 
the heat radiating portion (40) by rotating the impeller 



(101a), and a circulation path (50) which circulates the 
liquid between the heat receiving portion (70) and the 
heat radiating portion (40) and transfers the heat gen- 
erated by the heat generating component (33) to the 
heat radiating portion (40) through the liquid. The pump 
unit (60) is arranged such that the center (01) of the 
impeller (101a) is deviated from the center (02) of the 
heat generating component (33). 
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Description 

[0001] The present invention relates to an electronic 
apparatus having a pump unit. 

[0002] A CPU (Central Processing Unit) for use in an s 
electronic apparatus tends to generate increased heat 
during operation, as the processing speed is increased 
or the functions thereof are expanded. As a counter- 
measure against heat, an electronic apparatus employ- 
ing a so-called liquid cooling system is disclosed in Jpn. 10 
Pat. Appln. KOKA! Publication No. 2002-99356. In this 
electronic apparatus, the CPU is cooled by a coolant, 
whose specific heat is much higher than that of air. 
[0003] However, in the field of electronic apparatuses, 
there is a demand for a cooling system that can more 15 
efficiently cool a heat-generating component, such as a 
CPU. 

[0004] The present invention has been made under 
the circumstances described above, and an object 
thereof is to provide an electronic apparatus, which can 20 
efficiently cool a heat-producing component. 
[0005] According to an aspect of the present inven- 
tion, there is provided an electronic apparatus compris- 
ing: a housing having a heat generating component; a 
heat radiating portion which radiates heat generated by 25 
the heat generating component; a pump unit having an 
impeller and a heat receiving portion thermally connect- 
ed to the heat generating component, wherein a center 
of the impeller is deviated from a center of the heat gen- 
erating component and the pump unit supplies liquid to 30 
the heat radiating portion by rotating the impeller; and a 
circulation path which circulates the liquid between the 
heat receiving portion and the heat radiating portion and 
transfers the heat generated by the heat generating 
component to the heat radiating portion through the liq- 35 
uid. 

[0006] With the above electronic apparatus, the heat- 
generating component can be efficiently cooled. 
[0007] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 40 
vention may also be a sub-combination of these de- 
scribed features. 

[0008] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 45 

FIG. 1 is a perspective view showing a portable 
computer according to a first embodiment of the 
present invention. 

FIG. 2 is a lateral sectional view of the portable com- so 
puter showing the positional relationship between a 
pump unit provided in an apparatus main body and 
a circulation path provided in a display unit. 
FIG. 3 is a sectional view of a part of a heat radiating 
portion provided in the display unit. 55 
FIG. 4 is a perspective view showing the pump unit 
provided in the portable computer with a second 
cover omitted. 



■ i 

993 A2 2 * 

FIG. 5 is a vertical sectional view of a part of the 
apparatus main body showing a fixed structure of 
the pump unit. 

FIG. 6 is an exploded perspective view showing the 
pump unit. 

FIG. 7 is a plan view showing the pump unit with the 

first and second covers omitted. 

FIG . 8 is a sectional view showing a part of a reserve 

tank provided in the pump unit. 

FIG. 9 is a sectional view showing the relationship 

between a gas-liquid separating mechanism and 

the liquid surface when the posture of the reserve 

tank changes. 

FIG. 10 is a sectional view showing a part of a re- 
serve tank of a pump unit provided in a portable 
computer according to a second embodiment of the 
present invention. 

FIG. 11 is a sectional view showing a part of a re- 
serve tank of a pump unit provided in a portable 
computer according to a third embodiment of the 
present invention. 

FIG. 12 is a sectional view showing a part of a re- 
serve tank of a pump unit provided in a portable 
computer according to a fourth embodiment of the 
present invention. 

FIG. 13 is a sectional view showing a part of a re- 
serve tank of a pump unit provided in a portable 
computer according to a fifth embodiment of the 
present invention. 

[0009] A first embodiment of the present invention will 
be described with reference to FIGS. 1 to 9. 
[0010] FIG. 1 discloses a portable computer 1 as an 
electronic apparatus. The portable computer 1 compris- 
es an apparatus main body 2 and a display unit 3. 
[0011] As shown in FIGS. 1 and 2, the apparatus main 
body 2 comprises a flat box-shaped housing 10. The 
housing 10 comprises a bottom wall 11a, an upper wall 
11b, a front wall 11c, left and right side walls 11 d and 
1 1 e and a rear wall 1 1 f . The upper wall 1 1 b has a palm 
rest 12 and a keyboard attachment portion 1 3. The key- 
board attachment portion 1 3 is located at the back of the 
palm rest 1 2. A keyboard 1 4 is attached to the keyboard 
attachment portion 13. 

[001 2] The upper wall 1 1 b has a display support por- 
tion 15 at the back of the keyboard 14. The display sup- 
port portion 1 5 protrudes upward from the rear end por- 
tion of the upper wall 11b, and extends in the width di- 
rection of the housing 1 0. The display support portion 
15 has a pair of coupling recess portions 16a and 16b. 
The coupling recess portions 16a and 16b are separat- 
ed from each other in the width direction of the housing 
10. 

[0013] As shown in FIGS. 1 and 2, the display unit 3 
comprises a liquid crystal display panel 20 and a flat 
box-shaped display housing 21 which houses the liquid 
crystal display panel 20. 

[0014] The liquid crystal display panel 20 has, on its 
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front surface, a screen 20a that displays an image. The 
display housing 21 comprises a mask 22 and a cover 
23. The mask 22 forms a front wall 24 of the display 
housing 21 . The front wall 24 has an opening 24a. The 
cover 23 forms a rear wall 25 and four side walls 26a to 
26d of the display housing 21 . The mask 22 and the cov- 
er 23 are arranged such that the front wall 24 and the 
rear wall 25 face each other, thus surrounding the liquid 
crystal display panel 20. 

[001 5] The liquid crystal display panel 20 is housed in 
the display housing 21 , with the periphery thereof being 
held by a rubber frame (not shown). The screen 20a of 
the liquid crystal display panel 20 is exposed to the out- 
side of the display housing 21 through the opening 24a 
of the front wall 24. 

[0016] The display housing 21 has a pair of leg por- 
tions 27a and 27b protruding from an end thereof. The 
leg portions 27a and 27b are hollow and separated from 
each other in the width direction of the display housing 
21 . The leg portions 27a and 27b are inserted in the cou- 
pling recess portions 16a and 16b of the housing 10, 
and coupled to the housing 10 via hinge devices (not 
shown). 

[0017] Thus, the display unit 3 is rotatable between a 
closed position, at which it flattens to cover the keyboard 
14 from above, and an open position, at which the key- 
board 14 and the screen 20a is exposed. 
[0018] As shown in FIG. 2, the housing 10 houses a 
printed wiring board 30, a hard disk driver 31 , a battery 
pack 32, etc. The printed wiring board 30, the hard disk 
driver 31 and the battery pack 32 are arranged side by 
side on the bottom wall 11a of the housing 10. 
[0019] A CPU 33 as a heat generating component is 
mounted on the upper surface of the printed wiring 
board 30. The CPU 33 forms a microprocessor, which 
is the nucleus of the portable computer 1, and is posi- 
tioned in the back half of the printed wiring board 30. 
The CPU 33 has a base board 34, and an IC chip 35 
having a square shape in a plan view and arranged in 
a central portion of the upper surface of the base board 
34. As the IC chip 35 is operated at a high processing 
speed and has many functions, it generates a great 
amount of heat during operation. Therefore, the IC chip 
35 needs cooling to maintain stable operations. 
[0020] The portable computer 1 incorporates a cool- 
ing system of liquid cooling type for cooling the CPU 33. 
As shown in FIG. 2, thecooling system comprises a heat 
radiating portion 40, a circulation path 50 and a pump 
unit 60, which serves also as a heat receiving portion 
and a heat exchanger. 

[0021] As shown in FIG. 2, the heat radiating portion 
40 is housed inside the display housing 21, that is, be- 
tween the rear wall 25 of the display housing 21 and the 
liquid crystal display panel 20. The heat radiating portion 
40 has a rectangular plate shape, which is substantially 
the same in size as the liquid crystal display panel 20. 
[0022] More specifically, the heat radiating portion 40 
comprises a first heat radiating plate 41 and a second 



heat radiating plate 42 as shown in FIG. 3. The first and 
second heat radiating plates 41 and 42, made of metal 
having high thermal conductivity, are put together one 
on another. The first heat radiating plate 41 has an ex- 

5 panded portion 43 expanded in the opposite direction 
from the second heat radiating plate 42. As shown in 
FIG. 2, the expanded portion 43 meanders on substan- 
tially the overall surface of the first heat radiating plate 
41. The opening end of the expanded portion 43 is 

10 closed by the second heat radiating plate 42. Thus, a 
coolant flow path 44 is formed between the expanded 
portion 43 of the first heat radiating plate 43 and the sec- 
ond heat radiating plate 42. 

[0023] As shown in FIG. 2, the heat radiating portion 

15 40 to radiate the heat generated from the CPU 33 has 
a coolant inlet port 45 and a coolant outlet port 46. The 
coolant inlet port 45 is located at a left end portion (on 
the left side in FIG. 2) of the heat radiating portion 40, 
communicates with an upstream end 44a of the coolant 

20 flow path 44, and is close to the left leg portion 27a of 
the display housing 21 . The coolant outlet port 46 is lo- 
cated at a right end portion (on the right side in FIG. 2) 
of the heat radiating portion 40, communicates with a 
downstream end 44b of the coolant flow path 44, and is 

25 close to the right leg portion 27b of the display housing 
21 . Thus, the coolant inlet port 45 and the coolant outlet 
port 46 are separated from each other in the width di- 
rection of the display housing 21 . 
[0024] The circulation path 50 causes a liquid coolant 

30 (hereinafter referred to as the coolant L) to circulate be- 
tween the pump unit 60 (to be described later) and the 
coolant flow path 44 of the heat radiating portion 40, and 
transfer the heat of the CPU 33 to the heat radiation por- 
tion 40 via the coolant L. As shown in FIG. 2, the circu- 

35 lation path 50 has a first coupling pipe 51 and a second 
coupling pipe 52. 

[0025] The first coupling pipe 51 extends across the 
apparatus main body 2 and the display unit 3 and con- 
nects between a coolant outlet port 95b of the pump 

40 housing 70 (to be described later) and the coolant intet 
port 45 of the heat radiating portion 40. The first coupling 
pipe 51 is led from the inside of the housing 10 to the 
inside of the display housing 21 through the inside of the 
display support portion 15 and the inside of the left leg 

45 portion 27a. 

[0026] The second coupling pipe 52 extends across 
the apparatus main body 2 and the display unit 3 and 
connects between a coolant inlet port 93a of the pump 
housing 70 (to be described later) and the coolant outlet 

50 port 46 of the heat radiating portion 40. The second cou- 
pling pipe 52 is led from the inside of the housing 10 to 
the inside of the display housing 21 through the inside 
of the display support portion 15 and the inside of the 
right leg portion 27b. 

55 [0027] As shown in FIGS. 4 to 7, the pump unit 60 
comprises the pump housing 70, serving also as a heat 
receiving portion, a reserve tank 90 having a tank main 
body 91 and a gas-liquid separating mechanism 92, a 
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rotor 100 having an impeller 101a, an O ring 11 0, a first 
cover 111 , a stator 120 and a PC board 121 serving as 
a control section. 

[0028] The pump housing 70 has a flat rectangular 
shape and is made of material having a thermal conduc- 5 
tivity of 30 W/mK of higher, for example, iron or alumi- 
num. The pump housing 70 has a housing recess por- 
tion 71 , which opens upward. The housing recess por- 
tion 71 is defined by the inner surface of a bottom wall 
72, the inner surfaces of four side walls 73a to 73d ( and 10 
the inner surfaces of four corner portions 74a to 74d 
shaped as substantially right-triangular columns; that is, 
the housing recess portion 71 has an octagonal shape 
in the plan view. 

[0029] An outer surface of the bottom wall 72 serves *5 
as a heat receiving surface 72a, which receives the heat 
from the CPU 33. The heat receiving surface 72a of the 
pump housing 70 is larger than a second region T2, 
which is thermally connected to the CPU 33. In this em- 
bodiment, the heat receiving surface 72a is greater than 20 
the area of the upper surface of the IC chip 35. A groove 
75 ts formed in an upper end surface of the pump hous- 
ing 70, that is, the upper end surfaces of the side walls 
73a to 73d and the comer portions 74a to 74d along the 
periphery of a top opening 71a of the housing recess 25 
portion 71 . The O ring 11 0 is provided along the groove 
75. 

[0030] A recess portion 78 is formed in each of the 
four corner portions 74a to 74d. The recess portions 78 
form an attachment mechanism to fix the pump unit 60 30 
to the printed wiring board 30. A through hole 79, which 
allows passage of a cylindrical insert 80 as a part of the 
attachment mechanism, is formed in a bottom wall 78a 
defining the recess portion 78. The attachment mecha- 
nism will be described later. Screw receiving portions 86 35 
are formed on both sides of the recess portion 78 (see 
FIG. 6). 

[0031 ] A partition member 76 rises from the inner sur- 
face of the bottom wall 72 defining the housing recess 
portion 71 . It serves as a partition that isolates a space *o 
having a circular shape in a plan view from the housing 
recess portion 71 . The circular space is formed in prox- 
imity to one of the four corner portions 74a to 74d, for 
example, the corner portion 74d. The housing recess 
portion 71 is divided by the partition member 76 into a *s 
pump chamber 77 having a circular shape in a plan view 
and a remainder space surrounding the pump chamber 
77 from the side of the three corner portions 74a to 74c. 
In other words, the pump chamber 77, which houses the 
impeller 1 01 a, is defined by a part of the bottom wall 72 so 
of the pump housing 70 and the partition member 76. 
The remainder space corresponds to the tank main 
body 91 to be described later. As shown in FIG. 7, first 
and second communicating holes 82 and 83, which con- 
nect the inside and the outside of the pump chamber 55 
(the inside of the pump chamber 77 and the inside of 
the tank main body 91 ), are formed in the partition mem- 
ber 76. Further, third and fourth communicating holes 



84 and 85, which connect the inside of the tank main 
body 91 and the outside of the pump housing 70, are 
formed in the side walls 73a to 73d of the pump housing 
defining the tank main body, for example, the side wall 
73a. The portions where the third and fourth communi- 
cating holes 84 and 85 are formed are not limited to the 
side wall 73a. The third and fourth communicating holes 
84 and 85 may be formed in a region which defines the 
tank main body 91 . The third and fourth communicating 
holes 84 and 85 may be formed in different side walls. 
[0032] The reserve tank 90 comprises the tank main 
body 91 as a reservoir which stores liquid, a first pipe 
93, a second pipe 94, a third pipe 95, etc. The first pipe 
93 and the second pipe 94 form the gas-liquid separat- 
ing mechanism 92. 

[0033] One end portion of the first pipe 93 has a cool- 
ant inlet port 93a to supply the coolant L into the pump 
unit 60. The other end portion thereof has a discharge 
port 93b to discharge the coolant L into the tank main 
body 91 . The first pipe 93 is inserted into the tank main 
body 91 through the third communicating hole 84 from 
the outside of the pump housing 70. The coolant inlet 
port 93a of the first pipe 93, protruding from the side wall 
73a to the outside of the pump housing 70 (toward the 
rear of the housing 1 0), is connected to the second cou- 
pling pipe 52 of the circulation path 50 (see FIG. 2). The 
discharge port 93b is located inside the tank main body 
91 and open to the inside of the tank main body 91 . In 
the reserve tank 90, the discharge port 93b is located at 
or near the barycenter of the tank main body 91 (here- 
inafter referred to as a barycenter portion G). 
[0034] One end of the second pipe 94 has an inflow 
port 94a through which the coolant L stored in the tank 
main body 91 flows in. The inflow port 94b is located 
inside the tank main body 91 and open to the inside of 
the tank main body 91 . The inflow port 94a as well as 
the discharge port 93b is located at the barycenter por- 
tion G in the tank main body 91. Thus, the inflow port 
94a and the discharge port 93b face each other at the 
barycenter portion G in the tank main body 91 . The in- 
flow port 94a and the discharge port 93b are located un- 
der an initial liquid surface F 0 of the coolant Lin thestate 
where the coolant L is stored in the tank main body 91 , 
so that they are always kept submerged under the cool- 
ant L (see FIGS. 8 and 9). 

[0035] The other end of the second pipe 94 commu- 
nicates with the first communicating hole 82. In other 
words, the inside of the pump chamber 77 and the inside 
of the tank main body 91 are connected through the sec- 
ond pipe 94. As a result, the coolant L transferred from 
the tank main body 91 flows into the pump chamber 77 
through the communicating hole 82. 
[0036] One end of the third pipe 95 communicates 
with the second communicating hole 83. The other end 
of the third pipe 95 has the coolant outlet port 95b, 
through which the coolant L flow* out of the pump unit 
60. The third pipe 95 connects the inside of the pump 
chamber 77 and the outside of the pump housing 70 
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through the second communicating hole 83 and the 
fourth communicating hole 85. The coolant outlet port 
95b of the third pipe 95, protruding from the side wall 
73a to the outside of the pump housing 70 (toward the 
rear of the housing 10), is connected to the first coupling 5 
pipe 51 of the circulation path 50. 
[0037] With the above structure, the reserve tank 90 
storing the coolant L can be incorporated in the pump 
unit 60. In addition, the reserve tank 90 can be inter- 
posed in the circulation path 50 by connecting the first io 
pipe 93 to the second coupling pipe 52 and connecting 
the third pipe 95 to the first coupling pipe 51 . 
[0038] It is preferable that the gas-liquid separating 
mechanism 92 be arranged in a region corresponding 
to the second region T2 where the pump housing (heat 15 
receiving portion) 70 is thermally connected to the CPU 
33, as shown in FIG. 7. In this embodiment, the second 
region T2 corresponds to a region where the IC chip 35 
is thermally connected to the heat receiving surface 72a. 
With the gas-liquid separating mechanism 92 arranged 20 
as described above, the first pipe 93 can be heated by 
the heat generated from the CPU 33. Therefore, if gas 
is trapped in the first pipe 93, the gas is expanded and 
satisfactorily discharged in the tank main body 91 
through the gas- liquid separating mechanism 92 (be- 25 
tween the discharge port 93b and the inflow port 94a). 
[0039] The rotor 1 00 is housed in the pump chamber 
77. The rotor 1 00 comprises a rotor assembly 101 and 
a shaft 1 02. The rotor assembly 1 01 comprises the im- 
peller 1 01 a, a magnet (not shown), and a rotor yoke, the 30 
ends of which form a pair of protrusion poles (not 
shown). The shaft 102, made of metal, is passed 
through a center 01 of each of the rotor yoke, the mag- 
net and the impeller 1 01 a, and fixes the rotor yoke, the 
magnet and the impeller 1 01 a. The shaft 1 02 is rotatably 35 
supported by the pump housing 70. 
[0040] The impeller 101a has a plurality of vanes 
101b. The vanes 101b extend radially from the center 
OI of the impeller 101a. 

[0041] As shown in FIGS. 4 to 6, the first cover 111, 40 
made of resin, is shaped as a square plate. Each of the 
corner portions of the first cover 111 has a hole portion 
1 1 2 of the diameter substantially the same as that of the 
recess portion 78. Screw through holes 113 are formed 
on both sides of the hole portion 1 1 2. The first cover 111 45 
is provided above the pump housing 70 so as to cover 
the top opening 71 a of the housing recess portion 71 . 
Since the O ring 110 is provided at the upper edge of 
the pump housing 70, the housing recess portion 71 and 
the tank main body 91 are liquid-tight by closing the top 50 
opening 71a of the pump housing 70 with the first cover 
111. When the first cover 111 is stacked on the pump 
housing 70 to cover the top opening 71a, the inner pe- 
riphery of the hole portion 112 is continuos to the inner 
surface of the recess portion 78 of the pump housing 70. 55 
[0042] A first recess portion 114, which houses the 
stator 120, and a second recess portion 115, which 
house the PC board 121, are provided on the upper sur- 
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face of the first cover 111 . The stator 120 is housed in 
the first recess portion 114 so that the center thereof co- 
incides with the center of the rotor 100 (the axial line of 
the shaft 102). The second recess portion 11 5 is formed 
at a position other than the position of the first recess 
portion 114. 

[0043] Even when the first cover 1 1 1 covers the pump 
housing 70, the coolant L may be seeped out of the 
pump housing 70 or evaporated. If the first cover 111 is 
made of resin, in particular, the coolant L is easily 
seeped out of the pump housing 70 or evaporated. 
Therefore, in the portable computer 1 , a second cover 
1 30 made of metal further covers the first cover 1 1 1 over 
the pump housing 70. 

[0044] More specifically, the second cover 130 is sub- 
stantially shaped as a rectangle, the corner portions of 
which are cut off (see FIG. 6). Screw through holes 131 
are provided on both sides of the cut-off portion of each 
comer portion. The second cover 130 is fixed to the 
pump housing 70 by screwing screws 133 in the screw 
receiving portions 86 of the pump housing 70 through 
the screw through holes 131 of the second cover and 
the screw through holes 113 of the first cover. 
[0045] In the pump unit 60 of the structure described 
above, the rotor 1 00 is rotated to transfer the coolant L 
by applying power to the stator 120. Since power is ap- 
plied to the stator 1 20 with the magnetization phase suc- 
cessively changed, a rotary magnetic field is generated 
in the circumferential direction of the stator 120 accord- 
ingly. The magnetic field magnetically couples with the 
magnet of the rotor 100, so that torque is generated be- 
tween the stator 120 and the magnet. As a result, the 
rotor 100 with the impeller 101a rotates in the direction 
of an arrow Y shown in FIG. 7. The rotor 100 is rotated, 
for example when the portable computer 1 is powered 
on or the temperature of the CPU 33 rises to a prede- 
termined value. The application of power to the stator 
120 is controlled by the PC board 121 . 
[0046] The pump unit 60 is housed in the housing 1 0 
and mounted on the upper surface of the printed wiring 
board 30. Four boss portions 30a are formed in the print- 
ed wiring board 30 at positions corresponding to the cor- 
ner portions 74a to 74d of the pump housing 70 (in FIG. 
5, only one boss portion 30a is shown). 
[0047] The attachment mechanism comprises a cylin- 
drical insert 80, a screw 81 , a coil spring 87 and a C ring 
88. The insert 80 has a flange portion 80a protruding 
outward horizontally from the outer periphery of its up- 
per end portion along the circumferential direction. Fur- 
ther, a groove 80b is formed in the outer periphery of the 
insert 80 along the circumferential direction. 
[0043] The pump unit 60 is pressed against the CPU 
33 by the attachment mechanism as described below 
(see FIG. 5). First, the insert 80 is inserted through the 
coil spring 87. The insert 80 is inserted in the opening 
of the hole portion 112 of the f irst cover 111 , and passed 
through the through hole 79. The groove portion 80b is 
positioned below the heat receiving surface 72a of the 
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pump unit 60, and the C ring 88 is fitted into the groove 
portion 80b. As a result, the insert 80 is attached to the 
pump unit 60 in the state where the flange portion 80a 
is forced away from the bottom wail 78a by means of 
the coil spring 87. 

[0049] Conductive grease (not shown) is applied to 
the upper surface of the IC chip 35, and the heat receiv- 
ing surface 72a of the pump housing 70 is caused to 
face the I C chip 35. The screw 81 passed through the 
insert 80 is screwed in the boss portion 30a of the printed 
wiring board 30. Thus, the insert 80 is fixed to the boss 
portion 30a. As a result, the pump unit 60 is pressed 
against the IC chip 35 by the elasticity of the coil spring 
87. Consequently, the IC chip 35 of the CPU 33 is ther- 
mally connected to the heat receiving surface 72a of the 
pump housing 70 via the conductive grease. 
[0050] In the portable computer 1 , the pump unit 60 
is fixed to the printed wiring board 30 so that the center 
of the pump unit 60 (the center of the heat receiving sur- 
face) coincides with the center 02 of the IC chip 35 
(which coincides with the center of the CPU 33 in this 
embodiment). On the other hand, in the pump unit 60, 
the center 01 of the impeller 1 01a is deviated from the 
center of the pump unit 60. Therefore, the center 02 of 
the IC chip 35 is deviated from the center 01 of the im- 
peller 1 01 a, which faces the IC chip 35 via the pump 
housing 70 (see FIG. 7). Further, the impeller 101a has 
a radius longer than the distance between the center 01 
of the impeller 101a and the center 02 of the IC chip 35. 
In other words, the length of each of the vanes 101b is 
longer than the distance between the center 01 of the 
impeller 1 01 a and the center 02 of the IC chip 35. Thus, 
the pump unit 60 is arranged such that the peripheral 
portion of the impeller 1 01 a overlaps the center 02 of 
the IC chip 35. 

[0051 ] Further, the pump unit 60 has a projecting por- 
tion 140 in a first region T1 of the inner surface of the 
bottom wall 72. The first region T1 is formed by connect- 
ing the first communicating hole 82, the second commu- 
nicating hole 83 and the center 01 of the impeller 1 01a 
(see FIG. 6). The projecting portion 140 is a so-called 
side channel employed in a side-channel pump. It is 
preferable that the first region T1 of the pump unit 60 
overlap the position of the center 01 of the CPU 33. Par- 
ticularly preferably, the projecting portion 140 of the 
pump unit 60 covers the position of the center 01 of the 
CPU 33 (see FIG. 7). 

[0052] With the arrangement described above, the 
CPU 33 as a heat generating component can be cooled 
more efficiently. 

[0053] The pump chamber 77 of the pump unit 60, the 
tank main body 91 of the reserve tank 90, the coolant 
flow path 44 of the heat radiating portion 40 and the cir- 
culation path 50 are filled with the coolant L as a liquid 
cooling agent. For example, an antifreezing solution 
containing an aqueous solution of ethylene glycol, to 
which a corrosion inhibitor is added if necessary, can be 
used as the coolant L. 



[0054] In the structure as described above, the IC chip 
35 of the CPU 33 generates heat while the portable com- 
puter 1 is used. Since the IC chip 35 is thermally con- 
nected to the heat receiving surface 72a of the pump 
5 housing 70, the heat of the IC chip 35 is transferred to 
the pump housing 70. The pump chamber 77 of the 
pump housing 70 is filled with the coolant L, which ab- 
sorbs a large amount of heat generated from the IC chip 
35 transferred to the pump housing 70. 
10 [0055] When the IC chip 35 is heated to a predeter- 
mined temperature, power is applied to the stator 120 
with the magnetization phase successively changed. As 
a result, torque is generated between the stator 1 20 and 
the magnet of the rotor 100, so that the rotor 100 with 
15 the impeller 101a rotates. When the rotor 1 00 is rotated, 
the coolant L circularly flows in the pump chamber 77 
and sent out to the heat radiating portion 40 through the 
second communicating hole 83 and the third pipe 95. 
Thus, the coolant L is forced to circulate between the 

20 pump unit 60 and the heat radiating portion 40. 

[0056] More specifically, the coolant L heated by the 
heat exchange in the pump chamber 77 is supplied to 
the first coupling pipe 51 of the circulation path 50 
through the third pipe 95. The coolant L supplied to the 

25 first coupling pipe 51 is transferred to the heat radiating 
portion 40, and the heat is radiated from the heat radi- 
ating portion 40 to the outside of the portable computer 
1 . The coolant L cooled by the heat exchange in the heat 
radiating portion 40 is returned to the pump unit 60 

30 through the second coupling pipe 52 of the circulation 
path 50. The coolant L returned to the pump unit 60 flows 
through the first pipe 93 and discharged through the dis- 
charge port 93b into the tank main body 91 . 
[0057] The reserve tank 90 includes the gas-liquid 

35 separating mechanism 92 described above. If bubbles 
X are trapped in the coolant L flowing through the first 
pipe 93 (see FIG. 9), they move upward in the coolant 
L inside the tank main body 91 and collected in an air 
layer A in an upper portion of the tank main body 91 . 

40 Therefore, even if the bubbles X are trapped in the cool- 
ant L, they can be discharged out of the discharge port 
93b of the first pipe 93. As a result, the bubbles X can 
be separated from the coolant L. 
[0058] Further, since the inflow port 94a is submerged 

45 under the coolant L stored in the tank main body 91 , the 
coolant L in the tank main body 91 is caused to flow into 
the pump chamber 77 through the second pipe 94. 
Thus, the gas-liquid separating mechanism 92 (the first 
and second pipes 93 and 94) not only separates bubbles 

so from the coolant L but also forms a part of the path for 
circulating the coolant L between the pump housing 70 
and the heat radiating portion 40. 
[0059] The coolant L guided to the pump chamber 77 
again absorbs the heat from the IC chip 35 and is sent 

55 out to the heat radiating portion 40 through the third pipe 
95 and the first coupling pipe 51. As a result, the heat 
generated in the IC chip 35 is successively transferred 
to the heat radiating portion 40 via the circulating the 
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coolant L, and discharged out of the portable computer 
1 through the heat radiating portion 40. 
[0060] When the portable computer 1 is carried or 
transported, the posture of the housing 1 0 incorporating 
the reserve tank 90 is changed. Therefore, the posture 
of the reserve tank 90 is changed in various directions 
as shown in FIGS. 8 and 9. Accordingly, the liquid sur- 
face F of the coolant L changes. 
[0061 ] Even in such a case, according to this embod- 
iment, the inflow port 94a of the second pipe 94 is always 
located under an initial liquid surface F 0 of the coolant 
L, because the discharge port 93b of the first pipe 93 
and the inflow port 94a of the second pipe 94 face at the 
ban/center portion G of the tank main body 91 . There- 
fore, the inflow port 94a of the second pipe 94 is kept 
submerged under the coolant L. 
[0062] Further, since the inflow port 94a of the second 
pipe 94 is located at the ban/center portion G, even if 
the coolant L stored in the tank main body 91 reduces 
and the liquid surface F lowers, the inflow port 94a will 
not open to the air layer A in the tank main body 91 be- 
fore the coolant L is reduced to substantially half of the 
tank main body 91 or less. Therefore, air is prevented 
from entering into the pump chamber 77 or the circula- 
tion path 50 from the inflow port 94a. Consequently, the 
heat of the CPU 33 can be efficiently absorbed by the 
coolant L. 

[0063] Furthermore, since the center 01 of the impel- 
ler 101a is deviated from the center 02 of the IC chip 
35 as described above, a greater amount of heat of the 
IC chip 35 can be absorbed by the coolant L. The IC 
chip 35 preferably faces a position where the coolant L 
flows at a higher speed with the pump housing 70 (a 
heat receiving portion) interposed therebetween so that 
the coolant L can absorb a greater amount of heat from 
the IC chip 35. As well known, the flow rate of the coolant 
L caused by the rotation of the rotor 100 increases with 
the distance from the center 01 of the impeller 101a. 
Therefore, with the arrangement of the pump unit 60 
such that the center 01 of the impeller 1 01 a is deviated 
from the center 02 of the CPU 33 or the outer periphery 
thereof overlaps the center 02 of the CPU 33, a greater 
amount of heat from the IC chip 35 can be absorbed by 
the coolant L. The arrangement of the pump unit 60 such 
that the projecting portion (side channel) 140 overlaps 
the center 02 of the CPU 33 is also advantageous in 
that a greater amount of heat from the IC chip 35 can 
be absorbed by the coolant L. 

[0064] As described above, with the gas-liquid sepa- 
rating mechanism 92 of this embodiment, the discharge 
port 93b and the inflow port 94a face each other in the 
coolant L stored in the tank main body 91 . Further, in 
this embodiment, the gas-liquid separating mechanism 
92 is provided in the reserve tank 90. Therefore, the bub- 
bles X in the coolant L in the heat radiating portion 40 
or the circulation path 50 can be separated from the 
coolant L and collected in the air layer A in the upper 
portion of the tank main body 91 with the simple struc- 



ture. Consequently, the CPU 33 can be efficiently cooled 
by applying the gas-liquid separating mechanism 92 
and the reserve tank 90 to the portable computer. 
[0065] In addition, air is prevented from entering into 

s the pump chamber 77 or the circulation path 50 from the 
inflow port 94a with the simple structure of the discharge 
port 93b and the inflow port 94a facing each other at the 
barycenter portion G of the tank main body 91. Thus, 
the structure of the cooling system is simplified and the 

io manufacturing cost is reduced without adding a compli- 
cated gas-liquid separating mechanism to the reserve 
tank 90. 

[0066] Further, in the portable computer 1 of this em- 
bodiment, the pump unit 60 is arranged such that the 

15 center of the impeller 1 01 a is deviated from the center 
of the CPU 33, and that the outer periphery of the im- 
peller 1 01 a overlaps the center 02 of the CPU 33. Thus, 
since the CPU 33 faces a portion where the coolant L 
flows at a high rate with the pump housing 70 interposed 

20 therebetween, a greater amount of heat from the CPU 
33 is absorbed by the coolant L. Furthermore, the pump 
unit 60 is arranged such that the projecting portion (side 
channel) 140 overlaps the center 02 of the CPU 33. 
Therefore, a greater amount of heat from the IC chip 35 

25 can be absorbed by the coolant L. Consequently, the 
CPU 33 can be efficiently cooled. 
[0067] Moreover, in the portable computer 1 of this 
embodiment, the second cover 130 made of metal cov- 
ers the pump unit 60 over the first cover 111. Therefore, 

30 seeping out of the coolant L from the pump unit 60 is 
suppressed by the second cover 1 30. Consequently, the 
CPU 33 can be efficiently cooled by the coolant L. In 
addition, since the coolant l_ stays long in the cooling 
system, the cooling effect of the CPU 33 is maintained 

35 for a long time and there is no need of replenishing the 
coolant L. 

[0068] Furthermore, in the portable computer 1 of this 
embodiment, the pump unit 60 has the reserve tank 90, 
which is interposed in the circulation path 50 and stores 

*o the coolant L. Therefore, the heat generating compo- 
nent, such as the CPU 33, can be efficiently cooled by 
applying the pump unit 60 as described above with a 
simple structure. Moreover, since the assembly of the 
cooling system is simplified, the manufacturing cost is 

15 reduced. 

[0069] A second embodiment of the present invention 
will be described below with reference to FIG. 10. 
[0070] The portable computer 1 comprises a reserve 
tank 90 as shown in FIG. 10. The reserve tank 90 com- 

so prises a pipe 96 in place of the first pipe 93 and the sec- 
ond pipe 94 of the first embodiment. One end of the pipe 
96 is connected to the first communicating hole 82. The 
other end of the pipe 96 has the coolant outlet port 95b 
through which the coolant L flows out of the pump unit 

55 60. The pipe 96 connects the inside of the pump cham- 
ber 77 and the outside of the pump housing 70 through 
the third communicating hole 84. The coolant outlet port 
95b of the pipe 96, protruding from the side wall 73a to 
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the outside of the pump housing 70 (toward the rear of 
the casing 1 0), is connected to the second coupling pipe 
52 of the circulation path 50. 

[0071] The pipe 96 has distribution ports 96a, which 
allow passage of the liquid, in an intermediate portion 
thereof. The distribution ports 96a are realized by form- 
ing a plurality of slits in the wall that forms the pipe 96. 
The pipe 96 is arranged such that the distribution ports 
96a are located inside the tank main body 91. In this 
embodiment, the distribution ports 96a are located at the 
barycenter portion G of the tank main body 91. In the 
state where the coolant L is stored in the tank main body 
91 , the distribution ports 96a are submerged in the cool- 
ant L in the tank main body 91 . The other structures, 
including the portions not shown in the drawings, are the 
same as those of the first embodiment described above. 
Therefore, the same parts are identified by the same ref- 
erence symbols and redundant description will be omit- 
ted. 

[0072] In this embodiment, the pipe 96 forms the gas- 
liquid separating mechanism 92. If bubbles X are 
trapped in the coolant L flowing through the pipe 96, they 
are discharged through the distribution ports 96a into 
the tank main body 91 , move up in the coolant L in the 
tank main body 91 , and are collected in the air layer A 
in the upper portion of the tank main body 91 . Thus, even 
if bubbles X are trapped in the coolant L, they can be 
discharged through the distribution ports 96a of the pipe 
96 and separated from the coolant L by the gas-liquid 
separating mechanism 92. 

[0073] As described above, according to the gas-liq- 
uid separating mechanism 92 of the second embodi- 
ment, the pipe 96 is arranged such that the distribution 
ports 96a formed therein are located inside the tank 
main body 91 . Therefore, the bubbles X trapped in the 
coolant L in the heat radiating portion 40 or the circula- 
tion path 50 can be separated from the coolant L and 
collected in the air layer A in the upper portion of the 
tank main body 91. Consequently, the CPU 33 can be 
efficiently cooled by applying the gas-liquid separating 
mechanism 92 and the reserve tank 90 as described 
above to the portable computer 1 . 
[0074] In addition, air is prevented from entering into 
the pump chamber 77 or the circulation path 50 through 
the inflow port 94a with the simple structure of the dis- 
tribution ports 96a provided at the barycenter portion G. 
Thus, because it is unnecessary to add a complicated 
gas-liquid separating mechanism to the reserve tank 90, 
the structure of the cooling system is simplified and the 
manufacturing cost is reduced. 
[0075] In the second embodiment, a plurality of slits 
are provided as the distribution ports 96a. However, the 
shape and the number of the distribution ports 96a are 
not limited to those in this embodiment. 
[0076] A third embodiment of the present invention 
will be described below with reference to FIG. 11 . 
[0077] The portable computer 1 of this embodiment 
comprises the reserve tank 90 as shown in FIG. 1 1 . The 
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open end of the inflow port 94a of the second pipe 94 is 
widened toward the first pipe 93. The other structures, 
including the portions not shown, are the same as those 
of the first embodiment described above. Therefore, the 

5 same parts are identified by the same reference sym- 
bols and redundant description will be omitted. 
[0078] According to this embodiment, since the open 
end of the inflow port 94a of the second pipe 94 is wid- 
ened toward the first pipe 93, the coolant L in the tank 

io main body 91 can be efficiently taken through the sec- 
ond pipe 94 and supplied to the pump chamber 77. 
[0079] A fourth embodiment of the present invention 
will be described with reference to FIG. 12. 
[0080] The portable computer 1 of the fourth ernbod- 

15 iment comprises the reserve tank 90 as shown in FIG. 
12. The open end of the discharge port 93b of the first 
pipe 93 is widened toward the second pipe 94. The other 
structures, including the portions not shown, are the 
same as those of the first embodiment described above. 

20 Therefore, the same parts are identified by the same ref- 
erence symbols and redundant description will be omit- 
ted. 

[0081] According to the fourth embodiment, since the 
open end of the discharge port 93b is widened toward 

25 the second pipe 94, the coolant L flowing through the 
first pipe 93 can be efficiently discharged into the tank 
main body 91 . Moreover, the bubbles in the first pipe 93 
can be efficiently discharged into the tank main body 91 . 
Therefore, the gas-liquid separating capacity of the gas- 

30 liquid separating mechanism 92 can be improved. 
[0082] A fifth embodiment of the present invention will 
be described below with reference to FIG. 13. 
[0083] The portable computer 1 of the fifth embodi- 
ment comprises the reserve tank 90 as shown in FIG. 

35 13. The open end of the discharge port 93b of the first 
pipe 93 is widened toward the second pipe 94. The open 
end of the inflow port 94a of the second pipe 94 is wid- 
ened toward the first pipe 93. The other structures, in- 
cluding the portions not shown, are the same as those 

40 of the first embodiment described above. Therefore, the 
same parts are identified by the same reference sym- 
bols and redundant description will be omitted. 
[0084] According to the fifth embodiment, since the 
open end of the discharge port 93b is widened toward 

45 the second pipe 94, the coolant L flowing through the 
first pipe 93 can be efficiently discharged into the tank 
main body 91 and the gas-liquid separating capacity of 
the gas-liquid separating mechanism can be improved. 
In addition, since the open end of the inflow port 94a is 

so widened toward the first pipe 93, the coolant L in the 
tank main body 91 can be efficiently taken through the 
second pipe 94 and supplied to the pump chamber 77. 
[0085] The gas-liquid separating mechanism of the 
present invention is widely applicable to not only the re- 

55 serve tank but also anything that has a reservoir portion 
for storing liquid. The reserve tank having the gas-liquid 
separating mechanism may be independent of the 
pump unit. 
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[0086] The electronic apparatus of the present inven- 
tion is not limited to the portable computer. The present 
invention is applicable to various types of electronic ap- 
paratus, which incorporates a heat generating body, 
such as a circuit part that generates a large amount of 
heat. 



Claims 

1 . An electronic apparatus comprising a housing (1 0) 
having a heat generating component (33), charac- 
terized by further comprising: 

a heat radiating portion (40) which radiates heat 
generated by the heat generating component 
(33); 

a pump unit (60) having an impeller (1 01 a) and 
a heat receiving portion (70) thermally connect- 
ed to the heat generating component (33), 
wherein a center (01) of the impeller (101a) is 
deviated from a center (02) of the heat gener- 
ating component (33) and the pump unit (60) 
supplies liquid to the heat radiating portion (40) 
by rotating the impeller (101a); and 
a circulation path (50) which circulates the liq- 
uid between the heat receiving portion (70) and 
the heat radiating portion (40) and transfers the 
heat generated by the heat generating compo- 
nent (33) to the heat radiating portion (40) 
through the liquid. 

2. The electronic apparatus according to claim 1, 
characterized in that the pump unit (60) is ar- 
ranged such that an outer periphery of the impeller 
(101a) overlaps the center (02) of the heat gener- 
ating component (33). 

3. An electronic apparatus according to claim 1 , char- 
acterized in that: 

the pump unit (60) includes a partition wall (76), 
a pump housing (70) having a bottom wall (72), 
and a pump chamber (77) defined by at least a 
part of the bottom wall (72) and the partition wall 
(76) and housing the impeller (101a); 
the partition wall (76) has first and second com- 
municating holes (82, 83) which communicate 
inside and outside of the pump chamber (77); 
the bottom wall (72) has a first region (T1) on 
an inner surface thereof, the first region (T1) 
being formed by connecting the first communi- 
cating hole (82), the second communicating 
hole (83) and the center (01) of the impeller 
(101a); and 

the pump unit (60) is arranged such that the first 
region (T1 ) overlaps the center (02) of the heat 
generating component (33). 
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4. The electronic apparatus according to claim 3, 
characterized in that: 

the first region (T1) has a projecting portion 
5 (140); and 

the pump unit (60) is arranged such that a re- 
gion corresponding to the projecting portion 
(140) overlaps the center (02) of the heat gen- 
erating component (33). 

10 

5. The electronic apparatus according to claim 3, 
characterized in that: 

the heat receiving portion (70) has a second re- 
15 gion (T2) thermally connected to the heat gen- 

erating component (33); and 
the pump unit (60) has a gas-liquid separating 
mechanism (92) in a region corresponding to 
the second region (T2). 

20 

6. The electronic apparatus according to claim 5, 
characterized in that: 

the gas-liquid separating mechanism (92) in- 
25 eludes a reservoir portion (91 ) which stores the 

liquid, a first pipe (93) having a discharge port 
(93b) through which the liquid is discharged, 
and a second pipe (94) having an inflow port 
(94a) through which the liquid flows in, the dis- 
30 charge port (93b) and the inflow port (94a) 

opening in the reservoir portion (91) and facing 
each other in the liquid stored in the reservoir 
portion (91). 

35 7. The electronic apparatus according to claim 6, 
characterized in that the discharge port (93b) of 
the first pipe (93) has an open end, whose diameter 
is widened toward the second pipe (94). 

40 8. The electronic apparatus according to claim 6 or 7, 
characterized in that the inflow port (94a) of the 
second pipe (94) has an open end, whose diameter 
is widened toward the first pipe (93). 

45 g. The electronic apparatus according to claim 6, 
characterized in that the gas-liquid separating 
mechanism (92) includes a pipe (96) having a dis- 
tribution port (96a) which allows passage of the liq- 
uid, the pipe (96) being arranged such that the dis- 

50 tribution port (96a) is located in the liquid stored in 
the reservoir portion (91). 

10. The electronic apparatus according to claim 1 or 2, 
characterized in that the pump unit (60) includes: 

55 

a pump housing (70) having the heat receiving 
portion and a housing recess portion (71); 
the impeller (101a) provided in the housing re- 
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cess portion (71); 

a rotor (100) provided in the impeller (101a); 
a first cover (111) which covers the housing re- 
cess portion (71); 

a stator (120) mounted to face the rotor (100) 
via the first cover (111); and 
a control section (1 21 ) which controls power to 
be applied to the stator (120). 

11. The electronic apparatus according to claim 10, 
characterized in that: 



18. 



w 



and a pipe (96) having a distribution port (96a) 
which allows passage of the liquid, the distribution 
port (96a) being located inside the tank main body 
(91). 

The electronic apparatus according to claim 17, 
characterized in that the distribution port (96a) is 
located near a barycenter portion (G) of the tank 
main body (91). 



the first cover (111) has a first recess portion 
(114) which houses the stator (120) and a sec- 
ond recess portion (115) which houses the con- is 
trol section (121) on a surface opposite to a sur- 
face facing the rotor (100); and 
the second recess portion (115) is formed at a 
position other than that of the first recess por- 
tion (114). 20 

12. The electronic apparatus according to claim 11, 
characterized In that the pump unit (60) includes 
a second cover (1 30) which covers the pump hous- 
ing (70) over the first cover (111). 25 

13. The electronic apparatus according to claim 12, 
characterized in that the first cover (1 1 1 ) is made 
of resin and the second cover (130) is made of met- 
al. 30 



14. The electronic apparatus according to any one of 
claims 1 to 3, characterized in that the pump unit 
(60) includes a reserve tank (90) which is inter- 
posed in the circulation path(50) and stores the liq- 
uid. 
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15. The electronic apparatus according to claim 14, 
characterized in that the reserve tank (90) in- 
cludes a tank main body (91) which stores the liquid 
and a gas-liquid separating mechanism (92), the 
gas-liquid separating mechanism (92) including a 
first pipe (93) having a discharge port (93b) through 
which the liquid is discharged, and a second pipe 
(94) having an inflow port (94a) through which the 
liquid flows in, the discharge port (93b) and the in- 
flow port (94a) being located in the tank main body 
(91) and facing each other inside the tank main 
body (91). 

16. The electronic apparatus according to claim 15, 
characterized in that the discharge port (93b) and 
the inflow port (94a) faces each other near a bary- 
center portion (G) of the tank main body (91). 

17. The electronic apparatus according to claim 14, 
characterized in that the reserve tank (90) in- 
cludes a tank main body (91 ) which stores the liquid 
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